An aerobic, budding, non-pigmented and rosette-forming bacterium was isolated from a littoral wetland of a boreal lake located in Valaam Island, northern Russia, and designated strain P3 T . Ellipsoidal to pear-shaped cells of this bacterium were covered with crateriform pits and possessed stalks suggesting a planctomycete morphotype. 16S rRNA gene sequence analysis confirmed that strain P3
. Ellipsoidal to pear-shaped cells of this bacterium were covered with crateriform pits and possessed stalks suggesting a planctomycete morphotype. 16S rRNA gene sequence analysis confirmed that strain P3
T was a member of the order Planctomycetales and belonged to a phylogenetic lineage defined by the genus Planctomyces, with 89 and 86 % sequence similarity to Planctomyces brasiliensis and Planctomyces maris, respectively. Strain P3 T was a mildly acidophilic, mesophilic organism capable of growth at pH values between pH 4.2 and 7.1 (with an optimum at pH 6.0-6.5) and at temperatures between 10 and 30 6C (optimum at 20-28 6C).
Most sugars, a number of polysaccharides and several organic acids were the preferred growth substrates. Compared with Planctomyces brasiliensis and Planctomyces maris, which require NaCl for growth, strain P3 T was salt-sensitive and did not develop at NaCl concentrations above 0.5 % (w/v). The major fatty acids were C 16 : 0 and C 16 : 1 v7c; the cells also contained significant amounts of C 18 : 1 v7c and C 18 : 0 . The major intact polar lipids were diacylglycerol-O-(N,N,Ntrimethyl)homoserine (DGTS) lipids; the major neutral lipids were long-chain 1,(v-1)-diols and C 31 : 9 hydrocarbon. The quinone was MK-6, and the G+C content of the DNA was 59.0 mol%. Strain P3 T differed from Planctomyces brasiliensis and Planctomyces maris by cell morphology, substrate utilization pattern and a number of physiological characteristics. Based on these data, the novel isolate should be considered as representing a novel genus and species of planctomycetes, for which the name Planctomicrobium piriforme gen. nov., sp. nov., is proposed. The type strain is P3 T (5DSM 26348 T 5VKM B-2887 T ).
The order Planctomycetales is an ubiquitously distributed bacterial order, which accommodates budding bacteria with highly distinctive cell morphology, peptidoglycan-less cell walls and a unique cell organization (Schlesner & Stackebrandt, 1986; Staley et al., 1992; Fuerst, 2005; Ward, 2010; Fuerst & Sagulenko, 2011; Jenkins & Staley, 2013) . The genus Planctomyces was the first described and is also the type genus of this order (Gimesi, 1924) . Members of this genus are stalked bacteria that form morphologically fascinating, microcolonial cell rosettes; the latter are commonly observed in various aquatic environments. At present, the genus Planctomyces accommodates six species with validly published names, i.e. Planctomyces bekefii (Gimesi, 1924) , Planctomyces guttaeformis (Hortobágyi, 1965; Starr & Schmidt, 1984) , Planctomyces stranskae (Starr & Schmidt, 1984) , Planctomyces maris (Bauld & Staley, 1976) , Planctomyces limnophilus (Hirsch & Müller, 1985) and Planctomyces brasiliensis (Schlesner, 1989) . Notably, the species Planctomyces bekefii, Planctomyces guttaeformis and Planctomyces stranskae were described on the basis of their distinctive morphotypes only; representatives of these species have not been obtained in pure cultures. The three other species were cultured from aquatic environments with highly contrasting characteristics. Planctomyces maris and Planctomyces brasiliensis were isolated from a marine water and a hypersaline surface water of a salt pit, respectively (Bauld & Staley, 1976; Schlesner, 1989 ).
Members of both species require NaCl for growth. By contrast, Planctomyces limnophilus is a typical freshwater bacterium, which does not grow at NaCl concentrations above 1 % (w/v). Phylogenetically, Planctomyces limnophilus is more closely related to another freshwater planctomycete, Schlesneria paludicola, than to Planctomyces brasiliensis and Planctomyces maris (Kulichevskaya et al., 2007) . Here, we describe a novel stalked, freshwater planctomycete, strain P3 T , which also belongs to a phylogenetic cluster defined by the genera Planctomyces-Schlesneria but displays highest 16S rRNA gene sequence similarity to Planctomyces brasiliensis and Planctomyces maris.
Strain P3
T was isolated from near-neutral peat soil (pH 6.4) sampled at a depth of 10-20 cm (with a water table at approximately 15 cm depth) of the littoral wetland of a boreal lake located in Valaam Island (61 u 229 N 30 u 569 E) in lake Ladoga, Republic of Karelia, northern Russia. The isolation procedure was described elsewhere (Dedysh et al., 2006; Kulichevskaya et al., 2006) . Briefly, microbial biofilms enriched with cells of planctomycetes were obtained by using the water agar-coverslip technique developed by Hirsch et al. (1977) . When development of rosette-forming, budding bacteria with characteristic cell morphology was observed on a coverslip taken for microscopic examination, replicate coverslips were used for agar streak isolation. The latter was performed using agar medium M31 (modification of medium 31 described by Staley et al., 1992) containing (g per litre distilled water unless indicated): KH 2 PO 4 , 0.1; Hutner's basal salts, 20 ml; N-acetylglucosamine, 1.0; ampicillin sodium salt, 0.2; peptone, 0.1; yeast extract, 0.1; agar-agar (Difco), 18; pH 6.0-6.2. The plates were incubated at 20 u C for 4 weeks. Colonies appearing on the plates were picked randomly and examined microscopically in order to select for budding, rosette-forming morphotypes observed in biofilms. The colonies formed by strain P3 T were colourless, circular and small (0.5-1 mm). The isolate was purified by successive restreaking on agar medium M31. Once obtained as a pure culture, the bacterium was maintained on agar medium M31 and was subcultured at 1 month intervals.
Morphological observations and cell-size measurements were made with a Zeiss Axioplan 2 microscope and Axiovision 4.2 software (Zeiss). For negative staining, drops of the cell suspension were placed onto Formvar-coated copper grids for 1 min. After incubation, excess liquid was removed by filter paper, and the specimen samples were slightly air-dried and treated with a 0.2 % aqueous solution of uranyl acetate (pH 4.0). The specimen samples were examined with a JEM-100C transmission electron microscope (JEOL). Mature cells of strain P3
T had an ellipsoidal to pear-shaped form and were 1.7-2.8 mm long and 0.9-1.3 mm wide. Cells reproduced by budding and occurred singly or were arranged in rosettes (Fig. 1a) . Examination of negatively stained cells using electron microscopy showed the presence of crateriform pits on the cell surface of strain P3 T (Fig. 1b) . These structures displayed a polar distribution covering approximately one-half of a cell surface. Negative staining also revealed numerous fimbriae associated with crateriform pits (Fig.  1b) . The dimorphic life cycle of strain P3
T was similar to that in members of the genus Planctomyces. The buds arose from the free cell pole of the mother cells. After separation, buds displayed high motility due to the possession of a polar flagellum (Fig. 1c) . The adult cells were non-motile and attached to surfaces by means of stalks (Fig. 1d) . The latter could be observed using electron microscopy only.
In order to verify the phylogenetic affiliation of our novel isolate, PCR-mediated amplification of the 16S rRNA gene was performed using primers 9f and 1492r and reaction conditions described by Weisburg et al. (1991) . 16S rRNA gene amplicons were purified using QIAquick spin columns (Qiagen) and sequenced on an ABI 377A DNA sequencer using BigDye terminator chemistry, as specified by the manufacturer (PE Applied Biosystems). Phylogenetic analysis was carried out using the ARB program package (Ludwig et al., 2004) . The comparative 16S rRNA gene sequence analysis confirmed that strain P3
T belongs to the family Planctomycetaceae of the order Planctomycetales, and is a member of a phylogenetic cluster defined by Planctomyces brasiliensis DSM 5305 T and Planctomyces maris DSM 8797 T (89 and 86 % 16S rRNA gene sequence similarity, respectively) (Fig. 2) . The level of 16S rRNA gene sequence similarity between strain P3 T and other described Planctomyces-like bacteria, Planctomyces limnophilus DSM 3776 T and S. paludicola MPL7 T , was only 84.5-85 %. Based on this distant relationship to all currently described members of the Planctomyces-Schlesneria group, the analysis of physiological and chemotaxonomic features of strain P3 T was carried out in order to characterize this bacterium and to determine its taxonomic position.
Physiological tests were performed in liquid medium M31. Growth of strain P3
T was monitored by nephelometry at 600 nm in an Eppendorf BioPhotometer for 7-14 days under a variety of conditions, including temperatures of 4-37 u C, pH 3.8-8.0 and NaCl concentrations of 0-3.0 % (w/ v). Variations in the pH were achieved by using MES (pH 4.0-6.5) and MOPS (pH 6.5-7.9) buffer systems. Strain P3
T grew in the temperature range 10-30 u C, with an optimum at 20-28 u C. The pH range for growth was pH 4.2-7.1, with an optimum at pH 6.0-6.5 (Fig. 3) . Growth was completely inhibited at NaCl concentrations above 0.5 % (w/v). The doubling time of this bacterium under optimal growth conditions was about 30 h.
Carbon source utilization was determined using mineral medium MM supplemented with respective carbon sources (0.05 %, w/v). Medium MM contained (g per litre distilled water): KH 2 PO 4 , 0.1; (NH 4 ) 2 SO 4 , 0.1; MgSO 4 . 7H 2 O, 0.1; yeast extract, 0.05; 1 ml metal salt solution '44' (Staley et al., 1992) , the pH being adjusted to pH 6.0. Cultivation was done in 100 ml flasks containing 10 ml medium. Cultures were incubated at 24 u C for 2-3 weeks on a shaker. The capacity to degrade different biopolymers was examined by measuring the rate of CO 2 production in tightly closed 120 ml flasks containing 10 ml liquid medium MM with 0.05 % (w/v) of the corresponding polymer substrate for 1 month at 24 u C. Control incubations were run in parallel under the same conditions but without substrate. Nitrogen sources were tested using liquid MM medium with 0.05 % (w/v) glucose in which (NH 4 ) 2 SO 4 was replaced with one of the following compounds at a concentration of 0.01 % (w/v): KNO 3 , KNO 2 , urea or one of the amino acids listed in the species description. Culture was tested for growth under anaerobic conditions in anaerobic jars by using AnaeroGen anaerobic system envelopes (Oxoid), which absorb atmospheric oxygen with the simultaneous generation of CO 2 (up to 9-13 %, v/v).
Similar to other described members of the PlanctomycesSchlesneria group (Bauld & Staley, 1976; Hirsch & Müller, 1985; Schlesner, 1989; Kulichevskaya et al., 2007) (Felsenstein, 1989) . Bootstrap values (1000 data resamplings) of .50 % are shown. Black circles indicate that the corresponding nodes were also recovered in the maximum-likelihood and maximum-parsimony trees. The root (not shown) was composed of five 16S rRNA gene sequences from anammox planctomycetes (AF375994, AF375995, AY254883, AY257181, AY254882). Bar, 0.1 substitutions per nucleotide position. Oxidative and fermentative utilization of carbohydrates and gelatin liquefaction were determined by using an API 20NE kit (bioMérieux) and as described for the HughLeifson test (Gerhardt et al., 1981) . Enzymic activities were examined by using an API ZYM kit (bioMérieux). Catalase was tested by using method 1 described by Gerhardt et al. (1981) . Oxidase was tested using a REF 55 635 Oxidase Reagent (bioMérieux). Strain P3 T was catalase-and ureasepositive, but cytochrome-oxidase-negative. Dissimilatory nitrate reduction was positive; NO 2 -was detected in the culture as the product of nitrate reduction (API 20NE kit, bioMérieux). The following enzymic activities (API ZYM) were detected in strain P3
T : acid phosphatase, esterase, leucyl and valyl arylamidases, phosphohydrolase, N-acetylb-glucosaminidase and a-glucosidase. The following enzymic activities were not detected: alkaline phosphatase, cystine arylamidase, b-galactosidase, lipase, trypsin, chymotrypsin, a-galactosidase, b-glucuronidase, a-fucosidase and a-mannosidase.
Susceptibility of strain P3
T to antibiotics was determined on M31 agar plates using discs containing the following antibiotics: ampicillin (10 mg), gentamicin (10 mg), kanamycin (30 mg), neomycin (10 mg), novobiocin (30 mg), streptomycin (10 mg), chloramphenicol (30 mg) and lincomycin (10 mg) (Oxoid). The isolate was resistant to ampicillin, streptomycin, chloramphenicol, lincomycin and novobiocin, but sensitive to kanamycin, neomycin and gentamicin.
For the analysis of fatty acids, intact polar lipids (IPLs), neutral lipids and quinones, cells of the novel isolate were grown in liquid medium M31 and harvested in the late exponential growth phase. Lipids were analysed after acid hydrolysis of whole cells following the procedure described by Sinninghe Damsté et al. (2011) . The major components (Table 1) of strain P3 T were fatty acids (with C 16 : 0 and C 16 : 1 v7c as the most abundant ones and C 18 : 1 v7c and C 18 : 0 also present as important fatty acids), long-chain (v-1)-hydroxy fatty acids (reported earlier in several planctomycetes by Kulichevskaya et al. (2009 Kulichevskaya et al. ( , 2012a and 1, (v-1)-diols, and the C 31 : 9 polyunsaturated alkene. A high content of the C 18 : 1 v9c fatty acid was reported previously as a feature specific to members of the genus Planctomyces (Kerger et al., 1988) . Notably, this fatty acid was also present in high amounts in Planctomyces limnophilus but in minor amounts in cells of strain P3
T and S. paludicola (Kulichevskaya et al., 2007) . A direct comparison of fatty acid and neutral lipid composition of strain P3 T with those of the phylogenetically most closely related species Planctomyces brasiliensis and Planctomyces maris, however, was not feasible due to the profound difference in growth preferences of these planctomycetes. Planctomyces brasiliensis and Planctomyces maris display an obligate requirement for the presence of NaCl in the growth medium, while strain P3 T is sensitive to NaCl and does not grow at NaCl concentrations above 0.5 % (w/v). These bacteria, therefore, could not be grown for comparative analysis using the same medium. Long-chain diols were previously reported in Planctomyces limnophilus and other members of the order Planctomycetales (Kulichevskaya et al., 2007) . Careful inspection of the mass spectra of these components identified them here as 1,(v-1)-diols in comparison with literature data (Stránský et al., 1971) . Previously, these diols were identified as 2,(v-1)-diols but reinspection of these data (Kulichevskaya et al., 2007) indicates that these are the same components. The n-C 31 : 9 polyene has been described to be produced by a wide variety of planctomycetes, including Planctomyces limnophilus (Kulichevskaya et al., 2007 (Kulichevskaya et al., , 2008 (Kulichevskaya et al., , 2009 (Kulichevskaya et al., , 2012a .
IPLs were extracted by a modified Bligh-Dyer extraction and analysed by LC/MS as described previously (Sinninghe Damsté et al., 2011) . The most abundant IPLs were diacylglycerol-O-(N,N,N-trimethyl)homoserine (DGTS) lipids with acyl moieties that are in good agreement with the composition of the fatty acids (Table 2) . Other IPLs were phosphocholine and some unknowns.
Isoprenoid quinones were extracted according to Collins (1985) and analysed using a tandem-type mass spectrometer LCQ ADVANTAGE MAX and ionization MS Finnigan Mat 8430 with atmospheric pressure chemical ionization. The mass spectra were first recorded in MS mode and then analysed using MS/MS mode. Similar to other members of the order Planctomycetales (Sittig & Schlesner, 1993; Ward, 2010) , our isolate contained menaquinone-6 (MK-6) as the only isoprenoid quinone.
The DNA base composition of the novel isolate was determined by thermal denaturation using a Cary-100 UV-VIS spectrophotometer (Varian) at a heating rate of 0.5 uC min
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. The mol% DNA G+C value was calculated according to the method of Owen et al. (1969) . DNA of Escherichia coli K-12 (DNA G+C content 51.7 mol%) was used as the standard. The DNA G+C content of strain P3 T was 59.0 mol%, which is significantly higher than those of Planctomyces maris and Planctomyces brasiliensis.
In summary, our novel stalked planctomycete was phylogenetically divergent, morphologically distinct and phenotypically different from Planctomyces brasiliensis and Planctomyces maris. The 16S rRNA gene sequence similarity between strain P3
T and Planctomyces brasiliensis and Planctomyces maris was far below 94.5 %, which is strong evidence for distinct genera (Yarza et al., 2014) . In addition, strain P3 T differed from Planctomyces brasiliensis and Planctomyces maris by cell morphology, substrate utilization pattern, salinity growth range and G+C content of the DNA (Table  3) . On the basis of these differences we propose to classify strain P3
T as a representative of a novel genus and species of the family Planctomycetaceae, Planctomicrobium piriforme gen. nov., sp. nov. The description is as for the genus but with the following additional traits. Mature cells have an ellipsoid-like to pear-shaped form, and are 1.7-2.8 mm long and 0.9-1.3 mm wide. Carbon sources (0.05 %, w/v) include glucose, N-acetylglucosamine, cellobiose, galactose, maltose, rhamnose, sucrose, trehalose, fucose, xylose, salicin, lactate, pyruvate and succinate. Cannot utilize fructose, raffinose, sorbose, ribose, glycerol, methanol, ethanol, glucuronic acid, acetate, benzoate, caproate, citrate, fumarate, glutarate, malate, propionate, mannitol, tartrate, alanine, arginine, asparagine, aspartate, cysteine, cystine, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, norleucine, ornithine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine or valine. Capable of hydrolysing laminarin, aesculin, gelatin, lichenan and xylan. Cannot hydrolyse casein, chondroitin sulfate, starch, pectin, pullulan, protein hydrolysate, chitin, chitosan or cellulose. Catalase-and urease-positive, but cytochromeoxidase-negative. Dissimilatory nitrate reduction is positive. Nitrogen sources (0.05 %, w/v) include ammonia, nitrate, N-acetylglucosamine, Bacto peptone, Bacto yeast extract, alanine, asparagine and glutamine. Nitrite, urea, valine, arginine, leucine, lysine, methionine, glycine, serine and ornithine are not utilized. Growth factors are required. Possesses the following enzyme activities: acid phosphatase, esterase, leucyl and valyl arylamidases, phosphohydrolase, Table 2 . Relative abundances and fatty acid composition of IPLs of strain P3 T Abundance relative to major peak in the LC/MS base peak chromatogram (+++, base peak; ++, 50-100 % of base peak; +, 5-50 % of base peak). Note that the mass spectral response factors for different IPL groups can be quite different. The predominant fatty acid composition is reported, where possible, as the total number of carbon atoms of the acyl moieties and the number of double bonds. N-acetyl-b-glucosaminidase and a-glucosidase. The following enzyme activities are not present: alkaline phosphatase, cystine arylamidase, b-galactosidase, lipase, trypsin, chymotrypsin, a-galactosidase, b-glucuronidase, a-fucosidase and a-mannosidase. Resistant to ampicillin, streptomycin, chloramphenicol, lincomycin and novobiocin, but sensitive to neomycin, kanamycin and gentamicin. Growth occurs at pH 4.2-7.1 (optimum at pH 6.0-6.5) and at temperatures between 10 and 30 u C (optimum at 20-28 u C). Growth is inhibited at NaCl concentrations above 0.5 % (w/v). Wetlands are the main habitat.
The type strain, P3 T (5DSM 26348 T 5VKM B-2887 T ), was isolated from the littoral wetland of a boreal lake located in Valaam Island, Republic of Karelia, northern Russia. The DNA G+C content of the type strain is 59.0 mol%. Schlesner (1989) and Ward (2010) . DData from Bauld & Staley (1976) and Ward (2010) .
